Introduction
Biological diversity is being lost at a rapid pace (Wilson 1997) and habitat loss and degradation, especially deforestation, are among the factors that most contribute to species extinction events (Brown & Lomolino 2006 . The Cerrado is no exception to this global trend. Most of the biome has already been cleared out or transformed, by human action, into pastures, annual crops and other types of land use (Klink & Machado 2005) . Only in the State of Minas Gerais, approximately 75% of the original area of the Cerrado has been destroyed (Lins & Mendonc¸a 2000) .
The transformations which have happened in this biome have brought great environmental damages, such as fragmentation and reduction of habitats, species extinction, invasion of exotic species, soil erosion, pollution of aquifers, changes in fire regime, imbalances in the carbon cycle and possibly changes in regional climate (Klink & Machado 2005) . The Cerrado is considered a global hotspot for being an area with high rate of endemism and less than 30% of remnant vegetation (Myers et al. 2000) , and the conservation of its biodiversity should be considered a priority in Brazil. Inventories are important for filling gaps in our knowledge of local biodiversity, assisting in the identification of endemism and generating subsidies for conservation (Lewinsohn et al., 2005 , Mielke et al., 2010 , Ritter et al. 2011 .
The Lepidoptera comprise approximately 160,000 species, 20,000 of which are butterflies, and in Brazil there should occur around 26,000 species, including over 3,000 butterflies (Brown 1996 , Freitas & Almeida 2012 . Among the butterflies, the Nymphalidae family is responsible for a significant portion of the species richness in the Neotropical region (DeVries et al. 1997) , representing approximately 30% of this fauna (Lamas 2004) . 'Charismatic' insects, such as butterflies, have the potential to become flagship groups in conservation programs (Lewinsohn et al. 2005) . Butterflies are also considered good biological indicators as they respond quickly to environmental changes and are easily observed and sampled (Freitas et al., 2003 , Freitas 2010 .
Butterflies can be separated into two guilds, considering the eating habits of adults: nectarivorous, which feed on nectar; and frugivorous, which feed on fermented fruit, excrements, plants' exudates and decaying animals (Uehara-Prado et al. 2004 ). All the strict frugivorous belong to the Nymphalidae family, and represent 20% of neotropical butterflies (Lamas 2004) . The frugivorous butterflies are divided into four subfamilies and 13 tribes: Satyrinae (Brassolini, Haeterini, Melanitini, Morphini e Satyrini), Charaxinae (Anaeini e Preponini), Biblidinae (Ageroniini, Biblidini, Callicorini, Epicalini e Epiphilini) e Nymphalinae (Coeini) (Marín et al. 2011) . For the sampling of those butterflies, traps containing fermented fruit as bait have been vastly used in the tropics (De Vries et al. 1999 , Uehara-Prado et al., 2004 , Marini-Filho & Martins, 2010 , De Vries et al. 2011 .
Only a few studies have been conducted with fruit-feeding butterflies in Cerrado areas, such as Pinheiro & Ortiz (1992) in Brasilia, Fortunato & Ruszczyk (1997) in Uberlâ ndia, Marini-Filho & Martins (2010) in the Parque Nacional da Serra da Canastra and Silva et al. (2012) in Belo Horizonte. In this context, knowing the assemblage of fruit-feeding butterflies in Cerrado areas can generate data for further evaluation of the local biodiversity conservation. In this paper, a inventory of fruit-feeding butterflies from the Á rea de Protec¸ã o Especial (APE) Manancial Mutuca is presented. Moreover, the resulting list was supplemented with data from the occurrence of fruitfeeding butterflies in the region of Belo Horizonte.
Material e Methods

The study area
The study was conducted at a Á rea de Protec¸ã o Especial (Special Protection Area) Manancial Mutuca (20°00'3723'' S and 43°58'8,92'' W), a propriety of the Sanitation Company of Minas Gerais (COPASA -MG). The reserve is located in Nova Lima, Minas Gerais State, in the Ferriferous four-side. It is nestled in the Parque Estadual da Serra do Rola Moc¸a, having joint administration with the State Forest Institute (SFI) and it borders the BR-040, two large mining companies and part of the Barreiro district in Belo Horizonte.
The APE Mutuca is 1250 hectares, with transitional vegetation between Cerrado and Atlantic Forest, with 371 hectares of arboreal coverage, including riparian zone of the Mutuca stream (Copasa 2013) ( Figure 1 ). In this stream, there is a dam to capture water, composing, along with Cercadinho and Fechos reserves, the Supply System Morro Redondo, which provides water for a part of Nova Lima and southern area of Belo Horizonte (Copasa 2013) .
In this region the climate is high-altitude tropical, characterized by dry winters and rainy summers (Brandão et al. 1997) . The annual average temperature varies between 18°a nd 21°C. The rainfall shows variation between 1300-2100 mm annual rainfall, with the dry season between April and July and the rainy season starting in August (Cetec 1993).
The samplings were held in both of Cerrado phytophysiognomies present in the area: riparian vegetation and rupestrian field. The rupestrian field is found in areas above a thousand feet high, along the Serra do Espinhac¸o, in rocky or sandy soils and its vegetation consists of herbs and sparse shrubs (Mendonc¸a & Lins 2000) . The riparian forest is a formation located along minor rivers and streams, but it is now reduced to scattered clumps (Mendonc¸a & Lins 2000) .
Sampling
Samples were collected monthly for one year (from October 2008 to September 2009) during four days per month, the first day being for the installation of traps and placement of bait (banana with sugar cane juice, prepared two days in advance). Van Someren-Rydon traps, consisting of a cylinder of tulle of approximately eighty centimetres high, closed at the top and mounted on a wooden platform where the bait lies (DeVries 1987) were used.
Twenty-one traps were placed in the riparian area and other twenty-one in the Cerrado (rupestrian field), organized into sampling units (UA) with three traps. Within an UA, the traps were set twenty meters apart from each other and each UA was 200 meters away from the other.
When possible, captured specimens were identified in the field, marked and released. The unidentified specimens were collected for later identification. At least two individuals of each species were collected and assembled, and this reference collection is deposited in the Laboratory of Zoology of the Centro Universitá rio UNA at Belo Horizonte. The nomenclature used was based on Lamas (2004) .
To complement the local species list, three collections containing butterflies from neighbouring cities to Belo Horizonte and Nova Lima and that had similar ecosystems were consulted: Collection of the Museu de Histó ria Natural e Jardim Botâ nico da UFMG (MHNJB-UFMG), the Entomological Collection of the Museu de Ciências Naturais Puc Minas (MCN-PUC-MG) and the Colec¸ã o Entomoló gica das Colec¸õ es Taxonô micas da UFMG. Additionally, data from four studies on butterflies of the city of Belo Horizonte were included (Brown & Mielke 1968 , Silva et al. 2007 , Soares et al. 2012 ).
Analysis of data
The species accumulation curve (Mau Tau) and three richness estimators (Jackknife 2, Chao 2 and ACE) were calculated using the program EstimateS 8.2 (Cowel 2009). The percentage of the fauna in the field and the list supplemented with information from entomological collections and papers were compared to the estimates obtained. According to Magurran (2011) , the nonparametric estimators are the most effective methods to estimate species richness in ecological assemblages.
Species present in over 50% of the sampled months were considered constant, species present between 25 and 50% (present between three and five months) were considered accessory and species present in less than 25% of samples (one or two samples) were considered rare (Dajoz 1983) .
Results and Discussion
In all, 2245 specimens belonging to sixty-three species of fruit-feeding butterflies were sampled (Table 1) The Satyrinae subfamily was the most abundant with 1637 specimens (73%), followed by the Charaxinae with 348 (15.5%), Biblidinae with 220 (9.8%) and Nymphalinae with forty specimens (1.7%). Regarding the overall richness, Satyrinae had thirty-one species, representing 49.2% of the sample (from Satyrini, there were nineteen species, 80.9%, from Brassolini, nine species, 14.3%, and from Morphini three, 4.8%), followed by Biblidinae with seventeen species (27%), Charaxinae with twelve species (19%) and Nymphalinae with three species (4.8%), , found 78% species of Satyrinae in sampling, and in both locations the richness of this subfamily was close to 50% of species in the sample. Indeed, Satyrinae usually occupies a prominent position in number of species in the studies of fruit-feeding butterflies , De Vries et al. 1999 . Studies in other areas of Cerrado in Minas Gerais also found Satyrinae as the group with the highest number of species (Marini-Filho & Martins, 2010 ). This pattern is due to the fact that Satyrinae is the richest subfamily of fruit-feeding butterflies in the Neotropical region with 1235 species, having many more species than the second subfamily, Biblidinae, with 266 species (Lamas 2004) .
From the total of sampled species, thirty-five were found to be rare (56%), eight were considered accessory and twenty were considered constant (Table 1) . From the thirty-five rare species, fourteen (22%) were singletons and seven (11%) doubletons. In insect assemblies, species represented by a single individual are prevalent (Magurran 2011) . Pinheiro & Ortiz (1992) , in a study in Jardim Botâ nico de Brasília, found 26% of singletons and, in an area near APE Mutuca (APE Cercadinho) there were records of 18% of singletons , similar numbers to the ones in this paper.
According to Magurran (2011) , in all environments (either tropical or temperate), most species in an assembly are rare, and a small number of common species will represent 90% of total abundance. As a matter of fact, in this study, ten species accounted for 71% of total abundance. The four most abundant species in the sample belong to the subfamily Satyrinae: Godartiana muscosa, with 550 specimens; Morpho helenor mielkei (200); Pharneuptychia innocentia (189) and Moneuptychia itapeva, with 130 specimens. Of these, three are small, being better able to survive in small fragments of habitat because their larvae require a smaller volume of host plants, having large populations (Shahabuddin & Ponte 2005 , Marini-Filho & Martins 2010 , what could explain the large abundances found. M. helenor was one of the most abundant species in riparian forests in the Cerrado in the Parque Nacional da Serra do Canastra MG (Marini-Filho & Martins 2010), showing similar results to the ones in the present study. Species of the genus Morpho can fly in the understory or canopy, and M. helenor flies to about one meter above ground along streams and forest edges (De Vries et al. 2010) , being considered typical of riparian forest (Pinheiro et al. 2008) , which may explain the great abundance of this butterfly in APE Mutuca, having 79% of individuals sampled in this environment.
When considering the sampled environments, it was recorded in the rupestrian field 1063 specimens (47.4%) of forty-eight species, twenty-one of which are exclusive to this environment, while in riparian area it was recorded 1182 specimens (52.6%) belonging to forty-two species, fifteen of which were exclusive to this site (Table 1) . According to Baz & Boyero (1995) , the structural heterogeneity of a place with distinct vegetation types is a favourable factor to increase diversity of butterflies. The various vegetation types recognized in the Cerrado region provide a spatial variation in the distribution of butterfly species, influencing the composition of their communities (Camargo 2001) , supported by the large number of species exclusive to each environment in the present study. The establishment and persistence of butterfly populations in riparian forest and rupestrian field are related to the availability of resources for larvae and adults, vegetation type, climate and degree of disturbance, which certainly varies between these two sites in APE Mutuca, in addition to the intrinsic characteristics of the organisms involved, such as population dynamics, mobility and adaptability to disturbed environments (Fortunato & Ruszczyk 1997) .
Even when taking into account differences in relation to sampling effort, it is important to observe that the species richness of fruit-feeding butterflies APE Mutuca was similar or greater when compared to other sites in Cerrado. The APE Mutuca showed greater richness other places, such as APE Cercadinho in Belo Horizonte, a very similar and nearby area, where forty-five species were recorded; in Uberlandia, where thirty-six species were found in urban and extra urban areas (Fortunato & Ruszczyk 1997); in Jardim Botânico de Brasília, where forty-six species were recorded in riparian forest, Cerrado and transition area (Pinheiro & Ortiz 1992) ; and in riparian and Cerrado areas of Campus Darcy Ribeiro in Brasília, there were thirty-one species (Pinheiro et al. 2008 ). The number of species found in the APE Mutuca was similar only to the Parque Nacional da Serra do Canastra (MG), where sixteen fragments of riparian vegetation were sampled, and sixty-seven species were registered (Marini-Filho & Martins 2010).
Regarding the region of Belo Horizonte, Brown & Mielke (1968) registered forty nine species of fruit-feeding butterflies (eight exclusive records this location) and estimated 107 species for the city. Silva et al. (2007) studied an urban area of Belo Horizonte, finding seventeen species of fruit-feeding butterflies, four of which had not been found by Brown & Mielke (1968) and one was not recorded in this study; Nica flavilla. Silva et al. (2012) studied an area in Belo Horizonte (APE Cercadinho), registering forty-five species, two exclusive ones. Soares et al. (2012) studied other urban area, in the centre of Belo Horizonte, finding fifteen species, with one exclusive to this area (Eteona tisiphone, Satyrinae).
Five of the seven surveys conducted in the region of Belo Horizonte had fourteen species in common: Biblis hyperia . These species could be the focus of population studies at the regional scale (eg: long-term monitoring), since most of them are easily identified and occur with high abundance in the samples.
From the fruit-feeding butterflies species found in collections, seventy-one were identified in the collection of MCN-PUC-MG, including twelve exclusive species this collection. In the Colec¸ã o Entomoló gica da UFMG sixty species were identified, with three exclusive ones, while in the collection of MHNJB-UFMG fourteen species of fruit-feeding butterflies were recorded, neither exclusive specie.
In APE Mutuca, six species, which were not recorded in any of the studies or collections mentioned above, were sampled, and are new records for the region of Belo Horizonte: Myscelia orsis, Prepona deiphile deiphile, Prepona laertes, Catoblepia amphirhoe, Narope cyllastros and Pareuptychia ocirrhoe interjecta. Adding the records of the four papers (Brown & Mielke 1968 , Silva et al. 2007 , Soares et al. 2012 , the three collections and the present study, the total number of fruit-feeding butterflies in the region of Belo Horizonte is of 104 species. Brown & Freitas (2000) , referring to articles, collections, an personal communication, recorded eighty species of fruit-feeding butterflies in Belo Horizonte.
The species accumulation curve of APE Mutuca showed no clear stabilization trend (Figura 3), indicating that other species could be recorded with increasing sampling effort, a result corroborated by the richness estimators. The estimated species richness reached 107 species by the Chao 2 estimator, ninetyfive species by the Jackknife 2 estimator, and seventy-nine species by ACE estimator (Table 2) . Therefore, the complied list in this study, with 104 species in the region of Belo Horizonte, approaches the richness achieved by estimators Chao 2 and Jackknife 2 for SPA Mutuca (Table 2 ). The Chao 2 estimator was closer to the list of Belo Horizonte (104 species), with an estimate of 107 species, indicating a congruence between the locally estimated and regionally observed values for fruit-feeding butterflies.
The number of fruit-feeding butterflies species recorded in this study (sixty-three) may be considered high, especially if it is taken into account that the APE Mutuca is a relatively small vegetation sample (1250 ha). The present study demonstrates that the APE Mutuca is essential for the maintenance of local diversity of butterflies because, even though the area is subjected to anthropogenic impact, it harbors an important portion of the fruit-feeding butterfly fauna in the regionincluding thirty-five rare and one endangered species. This study also reinforces the importance of the creation and preservation of protected areas, even near large cities, for the maintenance of biodiversity at the regional scale. 
